SUMMARY : Studies conducted by us have revealed that sensitized mesenteric lymph node (MLN) cells from donors, when put into tissue culture system, proceed to form antibody in vitro. The antibody produced by these cells was studied by the bacterial adherence phenomenon (BAP) and antibody hemolytic plaque (AHPT) techniques and it is estimated that about 40 % of these MLN cells are capable of producing antibody in vitro.
INTRODUCTION
Previous experiments conducted in this laboratory by the transfer of mesenteric lymph node cells (MLN) from intragastrically immunized donor rabbits to recipient rabbits indicated that the agglutinins appeared in the sera of the recipients (Thind, 1966) . This observation was in conformity with the fact that antibody formation isa function of the cells of the reticuloendothelial system, which are abundantly located throughout the body including the intestinal tract. The present study constitutes ann attempt to determine whether the synthesis and release of antibody could be achieved by the MLN cells dissected from rabbits immunized intragastrically with Vibrio cholerae and maintained in vitro.
The ability of local tissues to produce antibody has been discussed by many authors, who all greatly tend to emphasize the importance of interplay between phagocytic processes and lymphoid tissue in antibody synthesis. It has been shown that intestinal (Burrows et al., 1947; Thind, 1961) , respiratory (Walsh and Cannon, 1958) and uterine tissues (Kerr and Robertson, 1953) can produce higher antibody titers than are found in respective sera in animals receiving suitable antigenic stimulus at these local sites.
In situ antibody formation for fat, voluntary muscle and skin in rabbits and guinea pigs has been claimed by Oakley et al. (1951) by directly injecting aluminum-precipitated tetanus and diphtheria toxoids in previously immunized animals.
Hartley indicated that intradermal injection of vaccinia viruss resulted in the production of antibodies in the local skin site not only earlier butt also in higher concentration (Hartley, 1940 Thompson et al., 1957; White et al., 1955) using localized antigenic stimulus in thymus tissue, rabbit cornea, skin and subcutaneous tissue have proved that local antibody formation in situ is elicited much earlier and in higher concentration as compared with humoral antibody.
These observations point out that the antibody production could be achieved in local tissues after local antigenic stimulation. Organism used for immunization and preparation of antigens: Ogawa strain No. 3605 of Vibrio cholerae was used for these studies.
i) Growth from agar plates was taken and treated with 0.5 % f ormalin for 2 hr . Cells were washed three times in saline and finally resuspended in saline to contain 1.4 mg dry weight/ml.
Ten-milliliter portions of this suspension were used for feeding donor animals from which mesenteric lymph node cells were dissected for the in vitro studies.
ii) A viable motile V. cholerae cell suspension (0.014 mg dry weight/ml) was used for the study of BAP as described by Makela and Nossal (1961 a, b) .
iii) Formalin-inactivated and homogenized V. cholerae antigen was used to coat tanned sheep red blood cells (SRBC) employed for the detection of antibody by AHPT as described by Jerne and Nordin (1963) . In brief, bacteria were grown on .agar plates for 18 hr; growth was taken and suspended in formalinized saline . This was homogenized in a Waring blender for 5 min.
The material was centrifuged , the sediment was discarded and the supernate was used for coating SRBC .
Immunization of donor rabbits and preparation of MLN cell suspensions: Food was withdrawn from donor animals 48 hr before feeding cholera antigens . After light ether anaesthesia, an intragastric catheter attached to a 20-m1 syringe was passed.
Ten milliliter of antigen (14 mg dry weight) mixed with 10 ml of 5 NaHCO3 was given intragastrically.
The animals were fed on the usual ration and water ad libitum.
On the 4 th day after single feeding, the donor animal was killed; mesenteric lymph nodes were dissected out, stripped free of fat and chopped into 2-3 mm pieces by dicing the nodes with two scalpels.
This crude suspension was gently triturated and passed through a syringe with a sieve.
After washing in Hank's basic salt solution (HBSS), the cell counts were made in hemocytometers . Counts of both stainable and nonstainable nucleated cells immediately after preparation and after various time intervals in the tissue cultures were made with a 0 .5 % nigrosin solution. Cells showing no uptake of the nigrosin stain were considered viable ; thus the total cell to viable cell ratio was calculated.
However , no attempt was made to obtain any particular type of cells and thus all cultures were heterogenous with respect to IN Bacterial adherence phenomenon (BAP) : For qualitative antibody assay by the BAP test, the MLN cell cultures from both the immunized and control animals were frozen and thawed three times to lyse the intact cells. Thus the antibody present in the medium and that in the cells were combined and the BAP activity determined was the sum total of the two. Briefly, a drop of this liquid was mixed with a drop of an actively motile V. cholerae suspension on a coverslip.
This hanging drop preparation was examined microscopically under reduced light for adherence of bacteria. Suitable control preparations were also examined.
Antibody hemolytic plaque technique (AHPT) : Hemolysis on soft agar induced by specific antibody produced by MLN cells was studied by the method of Jerne and Nordin (1963) . Cholera antigen-coated SRBC were used as an indicator. ii) Petri dishes (100 mm) with 2 mm thick 0.5 % ion agar underlay were overlaid with 1 ml of an MLN cell suspension, either taken immediately after preparation or after various intervals in the tissue culture system. The plates were gently tilted to form uniform spread of cells and allowed to stand at 25 C for 6 hr. After this time, 0.5 ml of complement (a 1:15 dilution of pooled guinea pig serum in Mg++ saline) was added to each plate and spread evenly.
This was overlaid with 3 ml of 2.5 % cholera antigen-coated SRBC suspended in 0.5 % agar. The plates were incubated at 37 C for 30 min by which time antibody hemolytic plaques developed and could be counted. Plates showing confluent plaques were discarded and a higher dilution Aliquots at 24 and 48 hr of incubation of MLN cells in supplemented Hanks BSS were removed. The cells were washed three times in saline to remove the surface antibody and tested for the presence of antibody by the AHPT method (see Materials TABLE III BAP activity of MLN cell cultures 1) IMM after culture No. stands for MLN cells taken from immunized donors while C stands for cells taken from unimmunized control donors. 2) BAP activity was tested by the hanging drop technique (see Materials and Methods). The BAP activity was graded as -, +1 to +4. 3) Indicates time intervals at which the aliquots for BAP tests were removed from the cultures.
and Methods). The percentages of MLN cell-forming plaques included in Table IV were calculated by using plaques per plate as the numerator and the number of viable cells present at a given time interval and not the number of cells plated at 0 time as the denominator. The viable cell calculations were arrived at by taking 100 %, 50 % and 20 % viability at 0, 24 and 48 hr time periods, respectively. Out of 16 aliquots of MLN cells removed at 0 hr not even a single specimen gave positive AHPT.
This may be taken as an indication that at 4 days, the MLN cells removed from intragastrically immunized donors were apparently free of antibody. The antibody in these cells therefore seems to have been formed or released only after the 4 th day.
After 24 and 48 hr incubation, these MLN cells gave hemolytic plaques and the ratio of MLN cells-producing plaques in 24 hr ranged 35-50 % with a mean percentage of 41.5. At 48 hr of incubation this ratio was 24-56 % with a mean percentage of 42. BAP, a rather sensitive test for detection of antibody or antibody-like activity of immunologically competent cells or serum, was used in this experiment.
The relative contributions of free antibody or antibody released by MLN cells lysed by alternate freezing and thawing or both to the BAP activity is not clear. However,, the results show that only the MLN cell cultures from immunized donors possessed the BAP activity (Table III) . Furthermore, AHPT activity was found only in MLN cells from immunized donors (Table IV) .
The data thus strongly suggest that BAP and AHPT activities are specific and due to the presence of antibody.
It should be pointed out that no BAP or AHPT activity was found in MLN cells from immunized Vol. 25 THIND donors immediately (0 hr in Table III and IV) after removal from donor animals at 4 days after intragastric feeding.
An incubation period of 12-24 hr was required to show positive BAP and AHPT activities (Table III, IV) .
This interval represents the time needed for at least the partial synthesis and release of antibody from the MLN cells to give positive tests for antibody.
However, the type of antibodyproducing cell or the class of antibody produced by the MLN cells can not be determined from the reported data.
The in vitro synthesis and release of antibody by MLN cells as evidenced by positive BAP and AHPT tests may be an indication of in vivo antibody production in lymph node cells. These findings are in agreement with those of other investigators (White et al., 1955; Thompson et al., 1957; Marshall and White, 1961) which indicate that antibody formation in local sites is elicited.
Furthermore, a majority of cells in a lymph node draining the site of antigenic stimulation take up the antigenic material within a few hours after exposure (Leudec et al., 1955) . Thus in these experiments, the antigen given intragastrically was taken up by the local mesenteric lymph nodes, where initial phagocytosis and breakdown of antigen molecules occurred and resulted in local antibody synthesis, as evidenced by positive BAP and AHPT tests with MLN cells from immunized donor animals.
These results agree with the findings of Nossal et al. (1958 Nossal et al. ( , 1959 and it seems that the regional lymph nodes are an important site of antibody formation. Whether or not the in vitro reaction parallel or even in part duplicate the in vivo immunologic response is not clear but the in vitro studies do provide information about the antibody-forming capacity of MLN cells. Furthermore, the results indicate that an immunologically competent cell, which once has been sensitized by local antigenic stimulus can within limitations survive the in vitro environment and synthesize antibody.
While these results are consistent with the finding that local antibody synthesis does take place in mesenteric lymph nodes after local immunization with cholera vibrios, the exact significance of this work will become clear only when more is understood about the mode of antibody synthesis by the MLN cells.
The relationship of local antibody formation and immunity against disease has practical and theoretical importance in consideration of the pathogenesis of cholera, where the target area is essentially confined to the intestinal tract (Jenkins et al., 1959) . It seems likely that various factors involved in the pathogenesis of cholera can be markedly alleviated or altered by the presence of antibody in the intestinal tract and thus affect the final outcome of infection. However, further studies are needed to correlate the level of intestinal antibody with immune state of an individual in which local antibody production by mesenteric lymph nodes may play an important role in protection against enteric infections like cholera.
